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ABSTRACT

Background and Objectives: Nowadays, the pollution of aquatic ecosystems caused by entry of
heavy metals is an issue that makes it essential to check the wholesome of the aquatic animals that are
consumed by human. When these metals enter the canvas of aquatic organisms, cause tension due to
bioavailability, and their toxicity leads to teratogenic, mutagenic and carcinogenic effects in living
organisms

Methods: Thirty rainbow trout were prepared from each fishing farm pond which are located in
Sanandaj (Nanale Village) and Kamyaran (Diwaznaw Village). Then, samples were prepared using acid
digestion method in the laboratory and the concentration of these metals was measured using atomic
absorption spectrometer (Phonix 986). The achieved data were analyzed using SPSS software.
Results: The average concentration of the Copper in liver and muscle tissues was 1. 53 and 0.15,
Magnesium 3.7 and 7.57, Iron 0.28 and 0.6, Zinc 4.52 and 1.05, and Nickel 0.04 and 0.03 pg/g of
fresh weight. The maximum daily consumption allowance was 888.7 g for adults and 177.77 g for
children.

Conclusion: The average concentration of Copper, Iron, Zinc, Nickel and Magnesium in muscle
tissue of rainbow trout compared to international standards, is slightly lower than that at current
consumption rates, long-term health risks to consumers is realized.

Keywords: Heavy metals, Rainbow trout (Oncorbynchus mykiss), length, Fish farming ponds, Risk

assessment, Consumption.

[ DOI: 10.29252/jehe.6.2.187 ]

Journal of Environmental Health Engineering

http.//jehe.abzums.ac.ir


http://dx.doi.org/10.29252/jehe.6.2.187
https://jehe.abzums.ac.ir/article-1-613-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-05-28 |

VITNAY Y slacs T Jlow NPV Gl 5 cdains bl peutigo 4o

SYTUIS odlo ) UT 8 puow Sy 9 (yafiuw ol 308 eddle (b))l
Rl )9 33 sWRATISG ) (Oncorhynchus mykiss) HloS 1SS
(Em 9 VLU Hlinw piuls 153 )90 axllo.)

rd%; )lyﬁvﬁ uvu'}:lﬁ ("3" g‘%"éf.‘ad 6:\.&

Ol i Ol S oCE1S ornds wlin oS3 (5 S Sl i)l b8 axs gel ils !
Q\ﬁ‘ olals AK.:.}\J ‘Lf“'“) r}lﬁ E) L;'.M]a C:Lw S ISES]S [Ty L.au ;J}ﬂ w\‘:rj vﬂd‘w&)ls A:>}~T J:“"b T
U‘j\ C.,\M,w cQL‘LwJJS amb [SSvwiy) L.au ajjg wKﬁfﬁLﬂ)’T JJL.;)lS 9 ) L.N .,\.;)\ uﬂt.';)lsr

WAV/E/¥r igbpads &b \WAZ/Y/Y :allio adly)s &)l

oé.g.ﬁ__;

Olasst ol (s 5 48 ol (5 50) (nSi @I58 5 555 31 o (o] slaptn SI (S sl 655500 1802 g 4o}y
(Sl U ele 4 e e o] S50 agw sl (385 I3k ol e e 555 1y bl ssliial 5 50
5055 L wetilE ) o (2l Olb e 5 (1) Olgs (SB35 I3 Bl b T o ol 5 sadd GBS s Sy
Sl g0

i sLag b g 5o @8y ale Gl daden 5 51 LSS, TS ale 4akd Yo slass :Lagligy 9 3l 9o
pad s Sl euliiwl L ol tles T o La 405 e 00 S g3 (5L0s0 slices)) OGS 5 (el sl
A s ,Se 3kl Sie @iyl cdale (Phonix 986) Juo a3l Cia sliws 3 suliiel b 5 wad (s5le sole] (sancl
113355 alast SPSS (6 ,LeT L5 a3 31 soliioal L L sols Jula3 5 5303

AT 5l VIOV 5 ¥IV padia (slos 0 /0) 5 V/0F G 3 @ dlide 5 uS (slazily 5o e Sl wlilz (Sile Laaisly
SSaa lale el cuns @ 5 05 a8 pSusSas /oY 5 /06 JSS sl 5 V0 5 E/0Y 55 sl /N s /YA
i o a S WVIV IS5 5S (sl 5 o¥LS 5 sl asS MAY @il 55 Slas b yeme

s 5o GLSES; YTUSE ale dhise il o a5 UK (ss AT (e SI3B el (il (5 yaSaaats
oo mae wil ol Adlie olbd (59K G e e b aS sl (gaa B S0l lalles slalatinl b
I I LA - SN

(sAls L5 s sa (I Ky J s (Oncorhynchus mykiss) (LeS pS 5 Y158 (oS 5l (guaals alals

S S (2L

[ DOI: 10.29252/jehe.6.2.187 ]

Ol gt (ybws S olSadls o rs ulio 0aSails wiuny) Laumo (Sogll sl lids S aisgol (2l 1] gimnn odiamns g3
cAV-YYPEFF . ules yals ~haditahsini@yahoo.com : e


http://dx.doi.org/10.29252/jehe.6.2.187
https://jehe.abzums.ac.ir/article-1-613-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-05-28 |

[ DOI: 10.29252/jehe.6.2.187 ]

ale G sladas sn 5o (Oncorhynchus mykiss) LSS5 ¥TU55 ale 5o o Cisume Sy 5 o€ o3l alile S5

3 Bdas ool ol ool Sl s S5 b Lol
oy Gk Sl alse al 5 s 13 S Sl 5 e
e Lyd oo AS 315 318 oKas b 05 2s S
Sypme O 53 0 YL VWAl 5 b s 4 3 A4S il
Al o O oo e ol Sy b3S 15 )
VIS e e 36 O el e (S35 2 O 3508 S
Olgea 5 Sl S92 ol Gl Sl olis 55 e ol
Slwscs s s Jlad duwj PRI TN it
s (S S O Sl Olpee 5 3505 (28 (635
Gk Ale 00 53 5a) eSew 3B Slome A5
(WHO) (World sl ciilig Olosla slas luitl
Sivalis Lo syl Olsl_. Health Organization)
<5139 9 (Food and Agriculture Organization) (FAO)
(UK (MAFF) ol Sl glie 5 o i (g5, 528
——J 5 4 Ministry of Agriculture Fisheries and Food)
3oy Bl oo 5 055 S eSS 00 5 08
el (S52 Ok Sl 218 8l 5e 3 5 JSG Sl
Glas bl b ale 0 3 IS oK 6 Slme A
s s ol Ol ((WHO) sl il el
Sl s oM (g3u5LiS <ol 5 (FAO) (5508
05 eSS — s/t o 5 4 (MAFF) 0l Sl
Al slre d 5l IS Clle o8 Sl il e 5 05
S| RN LI P W\ PPN DY N I3 S| U L) S P DY
Ly ol s s S o Ol s 4 O St Loz
ol 55 5 o3 g o Olabe gl IS5 Aas o 20153
23 e ool S b o e e 5 ST S S
el al sl lachale Ml o SRl sy sl
oo 53 ol GadenST gy e T3 5L glaslt o
Ot 3 ool i S8 lae a1 8 e 050k

AL dilo

S e sl e 51l slapioca S| S5 0T 055 500
s (T sl o SU 5 s, ol g 35,5 ahor
52 Ly g flie ol SV 5 2 (S T (S
B2 BBt s S D3l 4 (Sa )Tl ol
Slosss Cmpoal 3l e slaime 53 0T (ML 5 3150 o
CQ.?JJL;J@,\JL, S Jds 4 wiwabl} DX ls, s
53Tl e Ul e o ey sk > ol 4 e
3l 2 e 3 el s ban Oliabe ¢ sl mbe Ol
]S L R W O a.sj_ﬂ L;uqﬁ 34 g0 wi.\_.ﬂ
FTAL e sline Olee 4 oale (gl s il e
Ol s 5t ¢ oS I35 @y 03 3T 0L 3T 05380555 G s
SoaT asdS Jlw 00 3 ol 51 b lacus sons
5,50 5 La 30w il 5 e Laed VT ol Pl ol
s ams 5o 5 Jeate slis Sl g LB lad 5S35
SIS sl s sk ol sl

(S35 i Sy Clale ey i U andllas )
3 0SS5, VI35 ol o e 5 JS5 ol (e
33 s Jllllas (slaes pdoms L5 ploni] ol Koy 2l
o3 adS Gl 93 oo aS ol Al s A
sl oy OLLalS Olised 53 5L 55 5 zbiow Ot g
s alae Gl ale p DL Ll 68 eIl s 4Ll
S 5 01 Gz danly 4 abiae Sl s S Ol oS
Cdw 1 Olsalsl UJ'J 1 s yls DLl 4 dss 53 &S ege
23 Sl e sl S il Al e s 0
b s S DL Vb 85 515 5 e
AL Ll r S ol Dl e i Jome 3L cpl 5
oS st eslital (S D5l L (ST gl b

s 5 il L;u,\_;iij5<,t>,=;‘&mwsw RIPYES

Y o ladh audicdh Jlow « VWAV (licas) Jauas Cucdilagy ceusige dlas € VAA


http://dx.doi.org/10.29252/jehe.6.2.187
https://jehe.abzums.ac.ir/article-1-613-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-05-28 |

[ DOI: 10.29252/jehe.6.2.187 ]

OKaa 5 Suend gula

N4

el ol a5 2 e Glas S e |
sl (ISosba Lsd e el Sy Sy ke 5 S
SLas IS 05U Gl (ede ol sliiSnl b o Sy
o a0 pSE dlises Ollas MUl e e
Lo blasss y oale b ruan 5155 I3l &l s, coder Olges
s gl Sy S la (YY) O gl s e
A3 ged dalms G Sl Sl 1) pseedlS 5 e (S (e
on 0> (TV) LK 5 () pmaie ™ andllan )3 pioan
3SR et e 5endlS) i DS Ll
Sl e gl Sy ol (s 5 ol o (s
Sl s 1 Sl g8 s S 1 b a3y
OLSen 5 s G 4 Ol 55 e L sy S0
Slple 08 v 5 K Sl sy ST(YY)
ol > ST s ol 53 (0l JUS alo
Sl cbale anglis (Y ONY) 0L 5 Jls g (g0
Slss w5 O JUS il gla rl..x}lj;&:i;.ﬂ
Sl s ol sl TN Y) Ol LSn 5 OVl
SLosd) S sy 5o JUS O dlae il s 1S

.J).Q-" e)u‘()j?'-

by, 9 dlge
Azlloo 3 90 ddibio

Al G b 53 Jold Sllas gl es s
03 5L553 5 i Ol g 53 el liwg) 53 )3 S ol
Vs s Y 3 ks (Sl Nledd w3l OLLelS Olos e
asBYY adds VY a5 Y¥0 5 3,5 Jsb ajliod aiss
¥V 5 ama 81 0 sl layy 5 odd &1y Jed 5,0
asbE) 5 addsN yaxnY0 5 B0 Jsb BT 5 aids
A bt Sl ads am s ) 123 Ll 5 e
ol Ol e b3 55 515 Ujges a5 i OIS

st il DUl 5 LUl s ple 53 &8 255

VAL @Y o lach il Jlo ATV (i) cdasnns Cacdlags sdige dlas

¢ (WHO) ler coilig Olsle slas,lilul 5b ale
«($iosliS slis (FAO) (g5,5Lis 5L 5 Ll Ol
— sV Ve 5 o (MAFF) 0kl glie 5 odls
Csly e 2l Zhal Sk e 5055 05 2 e S0 Se
Slge 355U 53 N o (55 5 2500 AS 40 ]
Slotlon 53 (s i iomon M35 5 e b S
A Lol a8 s Lais oy many
53 5 Al e Lls 1y Sl A8 GYBE ST o S s
B Sl ) e s el Dl IS e o
Coldg Oleslo slas bl Gb ale O 3 oo s
3 (FAO) 3,5L28 L 5 ,ls= Olslw «(WHO) Sl
o (MAFF) Ol S glice 5 oM (g5,3lEsS o)l
Al e 0SS S S T T ) S
(S5 3 ol od 3 Il sloul el s Ol e L1530
e 5alS Tl 0Ll g5k et s S
S 535 o oo ekl ool 5 B0 LAl Eel
Slosl 55d o35 Ml g 5T 3 28 5 sl 4y e
$308iS L 5 e leslw ((WHO) Sl il
Ol IS glie 5 o (g5,5liS ol 5 (FAO)
S e S 5 gl 1) (3lme A s (MAFF)
Cjk_.ﬂ a5 BB rall Sldlas 2 e A Ll 63 SO
L Bs,e slagslen 4 0s Ol 53 1) 500 (o0

‘ R
DONENY Glasls

dyas Ol o 1y oS DL e sy o5

Sty Uil 58 550 O pae Sy e ls alos
Slr il Ll 5 o Sl 5l Ol il
(bt e VT 0 pmen) Sy Jolge b ilas 51 50
g Sl b Ol a5 (o8 5 S S35
Sy 2ol il e Sy o e sl 5l 2l
ol ez S el Ol b &S el gl B

33 g 035 e Ol o5l LUg 5 Sy S 5l L


http://dx.doi.org/10.29252/jehe.6.2.187
https://jehe.abzums.ac.ir/article-1-613-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-05-28 |

[ DOI: 10.29252/jehe.6.2.187 ]

ale G sladas sn 5o (Oncorhynchus mykiss) LSS5 ¥TU55 ale 5o o Cisume Sy 5 o€ o3l alile S5

e s gy e sy b CBlE 5 55
Skl sl 5 s (S o3I 5 055 05 e S e
Jsdowe sli s Sl > A& a g Voo ppm J st
S ein slac bale g5l oS ol Jgloee 0 5 Sl
Jodoes ¥ 51 alasl ol g3 S ol Jais,y e &l 16
o L ol&is 05 5 0,8 31t s el 5l
B TR -y s 4 ol slad 5ol s lukl
S o A s e sladl b g Sl (68 S0k
SV e A 03l olSas Lo 0y S s 4 dped s
Sl s s lllnl s 5 Gk gl s e )
ol by s A ol O gl IS 0T Dl Ol
0l ¢l SPSS l558le = skel Cowses glaesls
Oga3l 3 Lmesls 035 Il o i ommis 2 Sl 1]
gl lrean Ad eslin il gl — By S5 alS
s Sanil ) abae 5 A lazil s 5k s slackle
03 e Sl st Sres sl S S eslind
Soan Oyl S 055 5 S Jpb L il
HQ) s, ot ld e wle g A eslitd gy
Oliey OB e 5 b dnsloe &l O e Ol LU U
Syl S blis> IS 2, Sl eslisul L (ADD)
(United States Environmental , 2000) " L i
355 o anloes ) alail, 5l Protection Agency
ADD = Cm *DC / BW (V) ety

e 45, Gy as ADD Gy a b, 3 b
e S 5 Sl L 55 53 08 2 S5 S
355 0% 05 e p &iliss Gpas DC tp S 0 S5 S
3300 055 SSle BW (Y 555 5o (’J§ Yo)
Sl eSSV s Jlo s Sl p SAS V) S5kS
..L.LLL;«: (QL§3}§

5 5yt s ¥l Sl e3bitl U Sy, s

sl S5 s (sla A g 31 ias ol 3 o
aﬂ,dﬁ&pﬁuwy@sw\.cﬂuu
slad s s 555 la JUS e ST 255 53505
Yodsb s 2 NUY (o0 5 ) gl 4 andl

A e e b G

GRS Yh9)
Il Olels 55 LS .55 (VTU 5 ale andas T sl
Slme s il sl s ls ams > 511YAN
Gl 03 Olale S 3 sl (6ol @ el Oley Ll
Al Comaz 5 A00b L3 Ll 5 ud S s b
Ol il e Sl bl 3 0lS 55, VI J 5
4_;,,;L;)-\_.ﬂwud\ﬁ.mrwywubguaﬂ
g 05w 3 o1 bl oK besT 4 JUEH 51 e cla
e st 5 b ale 055 5 J&s Jsb e
oSV s b dlans (g3l s e e ) S50 L (g e
e 5 uS il s a3l Df\“ Dldis s (¢, Soslul
03 sl Al slad gos 5l (ale o> Bl A alae)
o ool Y8 Sle @ sl S sl a5 V00 gles L ol
JUsl 5 5lws oaws ol st AL 305 pupes o3 S
Olay U o Ol 5o Sl 055 a0 Oy Sl g 5 0010
G5 058) 5 010 e Kl el LS S 3
Al ) e 0 035530 Ly 5 pale s 55 DS & 5
533, 8 Slw a0V e sles U (HNO3) ble o
Sl Sl Il B L5 0303 ol S gl 1 plo
SLa0 gl g T AT s & D3l (S 51 61
ey Sen £ padly 3l JEIS 5l eslinad b1y sl slonl
s e mode LS | el Bl Jlos 5 Silo
cble g Soslusl gl s ekl 1) e 00 o
VoSl 4 sdel sty ot 50 Jples S 5
Phonix 986 Jds o3l i o&iuws & 2 53 be_i:a

Y o jladh caudich Jle < VWA ()i ) cdosans Cudligs sousigo alas @ 140


http://dx.doi.org/10.29252/jehe.6.2.187
https://jehe.abzums.ac.ir/article-1-613-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-05-28 |

[ DOI: 10.29252/jehe.6.2.187 ]

OKaa 5 Suend gula

(P<e/e0) il o 5 055 0S5 2 p 85,5 VY 5 Y
548 Gladil s ol 5B e S 5 cile Sl
Sl 5 035 05 0 S5 Se N  YA o alae
0> G b ez 65801 5 e bile Sl (P<t/00)
e S5 S /00 5 10T (S 5w dze 5 AS slacil
G5 obale (Sl (P<e/20) il 5 055 0 8
st s an dlas 5 uS bl s IS 5l e
(P<e/e0) sl 505505 0 p S5,50n /0T
Lol e oS Sl clle (Saes 05051 mls
ol el o551 Y b 55 S 035 5 SIS Jsb
03 e 8 Bl b S8 Jgb e dal) oo cnle
503 35y Sl ae (Sianan dhae 5 AS Z3L g
LS Sl oo s 50 lp 5 alias S s s 5Bl
Clle o daly ool 5 )‘J@MMJ&% Jsb
Gl alde 530S 3L g e s IS 055 b oS Il
5303 sy s e Sian S35 5 AT e (e
ol s me (S opl dae S3L s ol 5l gl
0355 S Jsb Ly il 5o pa s IS5 50 chle oy

I s s (Gl e adal, S

FPISUEYE PRCWNERNE-{C VIS SN g1
HQ = ADD /RFD (¥) bl
5830 Al i D3k (sl (RFD) agrlse 553 e
GV /vt g an (Yoo ) USEPA 55kl 5b IS5
ibge 550 2 p S S e S ke Y 50 /Y
Ol s Ol a5 L oalo ails,) O e e s
35 e dlos ¥ ] 5l anlllae 3 Sie
CR = (RED*BW) / C (F) aail
590 0% e lowe Ol Sl CR G358 ddal, 51
o aeallaesyge 55 Clle Sl € t55) 03 p S e 2
Al oS eSS e

Lo axsl
salae ol s K Sl chle gl olasis
ol o S3Y sl 53 0lS 55 VT3 ale uS
5 e b e S 5 cble SOl S 5 ek
eSS 0N S VOY i e alae 5 S slacil
5okl Sl peizes (P</00) ol 5 055 0 5

Lo goim ahae 5 AS 3l 55 e G e s S

(5 035 08 p 505w DS 0S5, GVIUB oale AS 5 dhse Sl s (oK I3 Chle (LT Slasize ) 93

Sl Sl il oSk Jola Sl <l #

/N y/ova i £/4) oS
J»ﬂ

JYY «/0\b /N0 /A alze

Y/AV v/ve /Yo 4/4% 4SS
8o

Y/4) v/evb £/ Y \Y/a0 dae
JeA CYAR Y JEA s .
Jal

A /b oAy Ay e

A g/0Y2 YAY AAY s
S

/et y/+ 0P /Yo V/4A lae

A o/egd /*Y Y% as
b “Kf

o/ /oY o/ o/ dae

VO @Y o ladh il Jlew ATAY (i) cdasnns Cacdlags swdige dlas


http://dx.doi.org/10.29252/jehe.6.2.187
https://jehe.abzums.ac.ir/article-1-613-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-05-28 |

[ DOI: 10.29252/jehe.6.2.187 ]

ale G sladas sn 5o (Oncorhynchus mykiss) LSS5 ¥TU55 ale 5o o Cisume Sy 5 o€ o3l alile S5

RG] dﬁ.»)bé)\awbjw A_JLZ.:J.L?JAML}:JAQ}:M)JQ)W\JJﬁ

s 959 S Jsb O e
P_Value r P_Value r
' /Oy YEE Y YT s
' OV ofen VAV e o
' H/ovet AL Yy s
: /0QVFE e o e o
* /YY) YA Jra VA s ’
g OFVEE +/890 e s orl
' HoVYH IAEAs At s
ARG VAnA% AN« Ty s tX3)
+/+47 YAV VALE R s |
Viuny VYV ALY v e U

sl s gme 0 /00 s S
el Sl om0 /) C]é.w)b N

(5 833 0S5 2 p S 0,5) 0Sim Sl3ks Chle s O (Stcan o i Y Jg S

J S ool e o
) o
\ VJOONFH (e
\ /PAA SRIALA ol
| —+/YoY AT A Vo S
\ VAFA A WAL} JAYE o

YY/8N )(D§}_L§v~ 3 L) OS5 (gl 0/ Slds
4 Coh sl S0l oo S5hS VE 055 L) OIS s
dowmﬁ)degﬁuwﬁfﬁm sslizul (gl
el aalilw Jas ol s a5 me (0L Ol e
Gz Sy andllaes ; go adlaia 53 (2014) Ol ) O
Ol dlome O e (Slu> Hliis @\:}L;?.b..a)b 34
0 S IV OLSs S gl 5 ONLLS 5 sl ¢ S MY

sl Sl om0/ C]é.w)b e ®¥

Cble o gy (Stenen 03051 ARSI

5 o SBlE S Sl s el I3l

Gl mn (i (S35 5 2t (530 5 ot e

Slsline  Sivan 5yl50 a3 5 (P<t/0\) 3505 55 >
3,050 2

ol g ame sl 4 b el e g L

L oa bl ol (s 2550 6 1 (NHQ) S

¥ o jladh audich Jle < VWA (i ) cdosans Cudligs seusigo alas @ 14Y


http://dx.doi.org/10.29252/jehe.6.2.187
https://jehe.abzums.ac.ir/article-1-613-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-05-28 |

[ DOI: 10.29252/jehe.6.2.187 ]

OKaa 5 Suend gula

(8 Jgdr) Al acoles

LS S, VI3 ale dae &l35; slre O pums Sl Ol ST 5 Sy Latls slis i€ Joda

ﬁ(ADD)AJU})J,.a.A ):Jb;.h.l&wg.»\.:a
Sy o>l Wy slee S e Sl p p
) P8 2SI e 2 C) dbae 5 035
(HQ) r; > » (CR) _ _
39 05 2 SsSe

L/0Vvo 0/0 o/ Y +/0) o
Yy M /eYY o/ ey VLS 5
\/Yo Yo <YV \/vo Sss (e S4svy)

\ £ /8Y oy s
0/Y AMAY EARY \/1o o

A2 VA o/ +/0) o

AR Vv AN /1 ol oSS
VYo ¢ Y/AVO V/+0 S (eSS VE)

¥ ar o/ oy U
TY/8) WYY \ARY: Ve o

(5033 05 2 pS85500) Mallow gl bl Slms s b ol Gaos 53 (S I35 ke Ol anmlio D Jo 32

ek S ers ol e - PRHE
WHO, 19962%¢ ./t Yoo Yoo _ \ WHO
FAO, 200077 - o Ve i v FAO
MAFF, 199528 - o - - \C MAFF
- et V/AA /0) VA/YY AV ol s
e 2 u_i‘ o S ’_.\Sn/oj‘.)s_;‘ LgLA;,_IaJ&“ 2ls d.am.iu,a 0 JJJ.;- BE]

J-’P%;J;J%wobbwéﬁiejul Y
(2 (e dile 51516 oS A REUBE M.njf‘ja
sdaline ahae b 5l iy AS Sl s e s SO (s
sl el s S ol ke L Sle s Gdlaslas
T el eds 1S (6o s Lo ale Caliis
Q\)&é\ﬁd&gwﬁ)géﬁjﬁ@?ﬁ%g

Ode 3 S Sl ez Sl A3l o S S

VAY @Y o lach addid Jlo A FAY (Glics ) cJasns Sadiligs ranige dlae

e ool yy Ml el sl > L G
O b S el ol ;S5 0LaS - S5 VIJ 5 ale
Slome A 5l S e sy e Sl e Ul sl
(World Health Sl o dlig oloslw glas lasl

(Food and _jlg> 53,05 Oleslw (" Organization)
O (g39LiS &l 9 7 Agriculture Organization)

Al e ™ (MAFF) 0l gl


http://dx.doi.org/10.29252/jehe.6.2.187
https://jehe.abzums.ac.ir/article-1-613-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-05-28 |

[ DOI: 10.29252/jehe.6.2.187 ]

ale G sladas sn 5o (Oncorhynchus mykiss) LSS5 ¥TU55 ale 5o o Cisume Sy 5 o€ o3l alile S5

S5 5 IS (ol (e e ey 53 (Y1) O Kes
il aallae U oS ool ol sdalie 5 i AS 23k o
dde 5 s cib s IS5l chle (o Sle )l Cllas
355 SlARe G5 08 50 S S ek e ol
T 45 (YY) OLes 5 5l anlllas 51 a8 AL s
deze 53 0l s JLs,l 5 (Cd, Ni, Zn) K ol 506
L& (Bangshi) i wlbsy, Sy Olale & 5
L ohle s o Sl sand Ay 5 A0S )
Ga9d B s S 5158 e seesls <SS <5 ) s
Oﬁlr_@»dlMlj\ée\S?Mw|@4¢)§l{.>)b 9
s Gl Sy e BLI ) 5 addlas (rasn
Sl Gl e L 035 5 S Jsb Osmmes oL
O3l gl I sl e 1S 5 alze 23l s S
IS dyo Ko S e gy g St
e 5 LS 3l 53 o 53 e aS 01 0L S 055 s
B e 53 52l sy e 5 (65 Sl Staces
Jsb Lol s a5 ot Stames a5 S S
o Gl en SIS 3y S 035 5 S
JS 055 5 I Kr Jsb L alae il 3 655 (Somsas
Slalims adaly S 055 L Lais S 5L s Ll ooyls 5525
Sor IS 055 b ahae il 55 50 Al S5 sl s e
S Al o O s o pole g ol sl s ke
a0l o 1y alae 3L 035 Rl L O Olee Sl 58
2 S s Lo 3Ll 4 O 5 e Sl O
Jsb 5 als s S 055 Lol g3 a3 Soeran
o2 Ol 3003 3925 (5 olsls b3S il b S
Al e il 00 b 5 05 Gl b Y pens 318
DS 53 6o = aS (V) ] (fags ) ol ol
RS (b <=L>,=;\ Sparus aurata s Mugil cephalus
35 S e A i Dl SR oS 5500

Q,\Jg)\@‘b;".a_wﬁjwéu wl—:);é})}gﬁ

slac e 5 a5 SISl b a5 L Olals
e 3 S i s as Tl oline S gl
0T 53 I3k Ojn Ysame 15 Laodiy VT w5 5 ey JUi
e 3 gl alae 5 alS s T el VL
DT 5 g jole (g3la i 5 Bl Jss b 55 e
Dsboor J1 5 6,500 Slags my L el Ol o
3 b 0808 e 5l ar il b G| T
Al O ladl 51 Sl Tl js as T S
5 el SLS 5 an 1) Ladl e 50,83 54 5 5o
23 05 53,8 s b 5l 5 S e S
O3 Ol adowsts |y (S5 ,8 508 3l5m 5 LS o0 hom O
tm B3 51 e Ol 3l pm ol e S o e i
e e 5B 4 aalllas 550 DI Oljs 035 Y
DS 555 VI3 ale das L o S L o
Slallas Lo g e il 2y Sl Gl
Ol,LSaa 5 Fallah (Y++q) (ol,LSoa 5 "Harkabusova
S 4S MY Y) ol LSa 5 Svobodova (Y1)
sl plol QLS S5 (VI 33 L (K S e
oS Sy b aS Sldlas b cpamen 3l il
Shah & ladles aole o el oo sl S s 6,
(Yo A) O, Kaa s De Rosemond 5 (Y44 4) ol Kan
Dyl Cdslas
anlllas ol 53 e S e S0 s o 8 bl Ol g
oo S o183 s 4 Al or g e cnl 45 A sdali
oo lap sl dbe s @ (3b 51 sl e b 4 o
L laaile S o g oS 3L S gl BT
OLLSCen 5 St T aalllas b s cnl ST s o 1
ol adlln b sie 5 5 AT o 3 6l (YY)
02 635 5 oal e D Bl 4 (g, gbay 5l Sdbllas
S S ahae DAL s e CBlE 5 dlae ) i AS
5 Sl T aalas L etaes s S edalie AS 3L

Y o jladh ik Jloa < VWAV (jliess ) cdasans Cadlags seudigo alas @ \4F


http://dx.doi.org/10.29252/jehe.6.2.187
https://jehe.abzums.ac.ir/article-1-613-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-05-28 |

[ DOI: 10.29252/jehe.6.2.187 ]

OKaa 5 Suend gula

Laol OB IS G e gl Gay oo p S Y0) G an SsS
Olgmen 3,5 ol o 4y 1y (T (sla Sy bl ol s
Bl as ol ol Sl Sl S e S el
35 OLaS nKy V1T als G e 155 0diS b s
52 A S e ol gl g 553 51 (85 e Olgee 2 e
O ae Sl A (S et mezr 4 ax 5 L e
3OS 5 Gl 550 03 p 5 MANY Ol s ale il
525 ol Ll s S8 gl 55, 03 p S AVVIV
S abblos 5 o Oliae S Sesy 2t li 5551 5 Ol
Lol |y Sy 35m 3 Ol (6350 b 55 s &5 o
3 eslial 5550 s Gas s S Olgea 5 S IS

.V\J;

Reference

1. Rana SVS. Environmental pollution (health and
toxicology). Alpha Sci Int Limit, Oxford U.K. 2006: 269.

2. Saxena M, Saxena HM, Sangha GK, Kaur K. Effect of
heavy metal pollution of water on total plasma proteins
and serum protein profiles of Common Carp fish
(Cyprinus carpio). J Vet Med 2009; 5(2): unpaginated.

3. Marijic VF, Raspor B. Metal exposure assessment in
native fish, Mullus barbatus L., from the Eastern Adriatic
Sea. J Toxicol Lett 2007; 168(3): 292-301.

4. Demirezen D, Urug K. Comparative Study trace elements
in certain fish meat and meat products. J Meat Sci 2006;
74(2): 255-60.

5. Aghazadeh MM. Biotoxins present in aquatic animals and
their complications. Iran J Vet Soc 2005; 14: 22-35.

6. Moghadasian MH. Advances in dietary enrichment with
n-3 fatty acids. J Crit Rev Food Sci Nutr 2008; 48(5):
402-10.

7. Xie Y, Chen Tb, Lie M, et al. Spatial distribution of soil
heavy metal pollution estimated by different interpolation
methods:  Accuracy and  uncertainty  analysis.
Chemosphere 2011; 82(3): 468-76.

8. Lashkari Moghaddam NN, Rabbani M, Panahi AE.
Investigating the amounts of heavy metals (zinc, cobalt,
nickel and cadmium) in canned tuna and its oil. ] Mar Sci

Technol Res 2008; 3(2): 78-84. [In Persian].

V40 @ Y o lach il Jlow YAV (i) cdasnns Cacdlags sdige dlas

Sy Gold e 5 Cie LU (00 035 5 S dsb)
S Ys od dsb 5 05 Lol clale o LU sl
Wu@gujuﬂm_gﬁmwﬂw

EEY Glos S Ol e iy oys5 Jsb s ludis obsle

CLale Ol e anlie sl 555 L 2le S o 5o

Gl 5 S0 5 e (S0 PR IR CHMCH 1
ols gLZ FAO 5 USEPA (WHO sl ul a > L sl
L}.gki‘})‘ C’L" Lol ol 5l = 31 eSS Q‘}um

ol e das gl Wl g e oS el s 0 K31 e 9

Cj_;l_;um;)f(_;ﬁﬂdréuguuwémbqb

9. Khayatzadeh J, Abbasi E. The Effects of Heavy Metals
on Aquatic Animals. The 1% International Applied
Geological Congress; 26-28 April 2010; Department of
Geology; Islamic Azad University of Mashad, Iran. [In
Persian].

10. FDA (Food and Drug Administration). Dietary reference
intakes for vitamin A, vitamin K, arsenic, boron,
chromium, copper, iodine, iron, manganese,
molybdenum, nickel, silicon, vanadium, and zinc. Report
of the Panel on Micronutrients. National Academy Press,
Washington DC, Food and Drug Administration. Center
for Food Safety and Applied Nutrition; Dietary
supplements. 2001.

11. Powers KM, Smith-Weller T, Franklin GM, et al.
Parkinson’s disease risks associated with dietary iron,
manganese, and other nutrient intakes. J Neurol 2003;
60(11):1761-6.

12. Berlin M. Handbook of the Toxicology of Metals. 4th
edition. Elsevier, 2014: 1542.

13. Witteman JC, Willett WC, Stampfer MJ, et al. A
prospective study of nutrional factors and hypertension
among US woman. Circulation 1989; 80(5): 1320-7.

14. Morris RC, Sebastian A. Potanssium responsive
hypertension In: Laragh JH, Brenner BM, editors
Hypertension.  pathophysiology,  diagnosis  and
management. Raven Press, 1995: 311.


http://dx.doi.org/10.29252/jehe.6.2.187
https://jehe.abzums.ac.ir/article-1-613-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-05-28 |

[ DOI: 10.29252/jehe.6.2.187 ]

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

ale G sladas sn 5o (Oncorhynchus mykiss) LSS5 ¥TU55 ale 5o o Cisume Sy 5 o€ o3l alile S5

Mazdeh M, Torabian S. Comparison of Serum Levels of
Magnesium and Potassium in Stroke Patient and Healthy
Controls. J Fasa Univ Med Sci 2011; 1(2): 65-71.

Yi Y, Yang Z, Zhang S. Ecological risk assessment of
heavy metals in sediment and human health risk
assessment of heavy metals in fishes in the middle and
lower reaches of the Yangtze River basin. J Environ
Pollut 2011; 159(10): 2575-85.

USEPA, Guidance for Assessing Chemical Contaminant,
Data for Use in Fish Advisories.Risk assessment and fish
consumption limits; US Environmental Protection
Agency 2000.

Yeganeh M. Modeling the process of accumulation of
heavy elements in surface soils of Hamedan province and
determining the risk of it for human health. Isfahan
University of Technology 2012: 250. [dissertation]. [In
Persian]

Ma J, Singhirunnusorn W. Distribution and Health Risk
Assessment of Heavy Metals in Surface Dusts of Maha
Sarakham Municipality. J Procedia Soc Behav Sci 2012;
50: 280-93.

Mansouri B, Maleki A, Azadi N, et al. Food Risk
Assessment of Heavy Metals in Consumption of
Common Carp in Zarivar Wetland. J] Mazandaran Univ

Med Sci 2017; 26(146): 201-5. [Persian]

Usero J, Izquierdo C, Morill J, Gracia 1. Heavy metals in
fish (Solea vulgaris, Anguilla anguilla and liza aurata)
from salt marshes on the southern Atlantic coast of Spain.
J Environ Int 2004; 29(7): 949-56.

Taghavi Jelodar H, Sharifzadeh Baei M, Najafpour Sh,
Fazli H. The Comparison of Heavy Metals
Concentrations in Different Organs of Liza aurata In
habiting in Southern Part of Caspian Sea. J] World Appl
Sci 2011; 96-100.

Ardalan AA, M.Sharif A, Farahani Z. Trace elements
accumulation and nutritive value in muscle tissue of
golden mullet from the Kiashahr Port (Caspian Sea). J
Adv Environ Biol 2012; 6(1): 232-5.

Voegborlo RB, Akagi H. Determination of mercury in
fish by cold vapor atomic absorption spectrometry using
an atomic mercury analyzer. J Food Chem 2007; 100(2):
853-62.

Iranian Fisheries Organization Statistical Yearbook 2001-
2011. Iranian Fisheries Organization Department of
Planning and Development Management, the Office of
Management and Budget; 2014. [In Persian]

WHO (World Health Organization). Health criteria other
supporting information. Guidelines for Drinking Water
Quality; 1996.

FAO (Food and Agriculture Organization). Compilation
of legal limits for hazardous substances in fish and fishery
products. FAO Fishery Circular. Rome Food and

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Y o lad

Agriculture Organization of the United Nations; 2000.

MAFF, 1995. Monitoring and surveillance of
nonradioactive contaminants in the aquatic environment
and activities regulating the disposal of wastes at sea,
1993.  Aquatic Environment  Monitoring  Report.
Lowestoft: Direcorate of Fisheries Research; 1993.

Dural M, Goksu MZL, Ozak AA. Investigation of heavy
metal levels in economically important fish species from
the Tuzla lagoon. J Food Chem 2007; 102: 415-21.

Canli M, Atli G. The relationship between heavy metal
(Cd, Cr, Cu, Fe, Pb, Zn) levels and the size of six
Mediterranean fish species. J Environ Pollut 2002;
121(1): 129-36.

Goyer R. Toxic Effects of Metals In: Amdur MO, Doull
JD, Klaassen CD, Eds. Casarett & Doull’s Toxicology,
Pergamon Press. 4th Edition. New York, 1991: 623-80.

Visnjic-Jeftic Z, Jaric I, Jovanovic L, et al. Heavy metal
and trace element accumulation in muscle, liver and gills
of the Pontiac shad (Alosa immaculata Bennet 1835)
from the Danube River (Serbia), J Microchem 2010;
95(2): 341-9.

Rao LM, Padmaja G. Bioaccumulation of heavy metals in
M. cyprinoids from the harbor waters of Visakhapatnam.
J Bull Pure Appl Sci 2000; 19(2): 77-85.

35. Blazovics A, Abaza M, Sipos P, et al. Biochemical
and morphological changes in liverand gallbladder bile of
broiler chicken exposed to heavy metals (cadmium, lead,
mercury). J Trace Elem Electrolytes 2002; 19(1), 42-7.

Harkabusova V, Macharatkova B, Celechovska O,
Vitoulova E. Determination of Arsenic in the Rainbow
Trout Muscle and Rice Samples. Czech J Food Sci 2009;
27: 404-6.

Svobodova Z, Celechovska O, Machova J, Randak T.
Content of arsenic in market-ready rainbow trout
(Oncorhynchus mykiss). Acta Vet. Brno 2002; 71: 361-7.

Fallah AA, Saei-Dehkordi SS, Nematollahi A, Jafari T.
Comparative study of heavy metal and trace element
accumulation in edible tissues of farmed and wild
rainbow trout (Oncorhynchus mykiss) using ICP-OES
technique. Microchemical J 2011; 98: 275-9.

Shah AQ, Kazi T, Arain MB, Jamali MK, et al.
Accumulation of arsenic in different fresh water fish
species — potential contribution to high arsenic intakes.
Food Chem 2009; 112: 520-4.

De Rosemond S, Xie Q, Liber K. Arsenic concentration
and speciation in five freshwater fish species from Back
Bay near Yellowknife, NT, Canada. Environ Monit and
Assess 2008; 147:199-210.

41. Kendrick MH, May MT, Plishka MJ, Robinson KD.
Metals in biological systems. England: Ellis Horwood Ltd
1992: 183.

42. Schriver DF, Atkins PW, Longford CH. Inorganic

i Jlew YAV Glicas ) ddoaae Cuddilags oudigo ddae @ 14F


http://dx.doi.org/10.29252/jehe.6.2.187
https://jehe.abzums.ac.ir/article-1-613-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-05-28 |

[ DOI: 10.29252/jehe.6.2.187 ]

42.

43.

44.

VAV @Y o lach il Jlow YAV (i) cdasnns Cacdlags sdige dlas

OKaa 5 Suend gula

chemistry. Oxford: Oxford University Press. New York,
6th edition. Freeman and Company 2014: 875.

Jari¢ I, Visnji¢-Jeftic Z, Cvijanovi¢c G, et al.
Determination of differential heavy metal and trace
element accumulation in liver, gills, intestine and muscle
of sterlet (Acipenser ruthenus) from the Danube River in
Serbia by ICP-OES. J Microchem 2011; 98(1): 77-81.

44. Rahman MS, Molla AH, Saha N, Rahmanc A. Study
on heavy metals levels and its risk assessment in some
edible fishes from Bangshi River, Savar, Dhaka,
Bangladesh. J Food Chem 2012; 134(4), 1847-54.

Yilmaz AB. Comparison of heavy metal level of grey

45.

46.

Mullet (Mugil cephalus L.) and Sea Bream (Sparus aurata
L.) caught in Iskenderun Bay. J Environ Sci 2003; 25(2):
115-48.

Leung PTY, Ip JCH, Mak SST, et al. De novo
transcriptome analysis of Perna viridis highlights tissue-
specific patterns for environmental studies. J BMC
Genomics 2014; 15(1): 1-14.

Pourang N, Nikouyan A, Dennis JH. Trace element
concentrations in fish, surficial sediments and water from
northern part of the Persian Gulf. J Environ Monit Assess
2005; 109(1-3): 293-316.


http://dx.doi.org/10.29252/jehe.6.2.187
https://jehe.abzums.ac.ir/article-1-613-en.html
http://www.tcpdf.org

